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TITLE OF INVENTION 
INFILTRATION OF fc «gg» ™« E ° " «« 



BACKGROUND OF THE INVENTION 



1. Field of the Invention. 

The invention relates in general to solid freeform fabrication and, in particular, to 
an infiltration technique that afters the appearance of a three-dimensional object formed 
by a solid freeform fabrication apparatus. 

2 Description of the Prior Art. 

Recently, several new technologies have been developed for the rapid creation 
of mode.s, prototypes, and parts for .imited run manufacturing. These new technologies 
are generally called Solid Freeform Fabrication techniques, and are herein referred to 
as "SFF." Some SFF techniques include stereolithography, selective deposition 
modeling, laminated object manufacturing, selective phase area deposition, mufti-phase 
jet solidification, ballistic particle manufacturing, fused deposition modeling, particle 
deposition, laser sintering, and the like. Generally in SFF techniques, comp.ex parts are 
produced from a modeling material in an additive fashion as opposed to conventional 
fabrication techniques, which are generally subtracts in nature. For example, in most 
conventional fabrication techniques material is removed by machining operations or 
shaped in a die or mold to near net shape and trimmed. In contrast, addftrve fabrication 
techniques incrementaily add portions of a build material to targeted locations, layer by 
layer in order to build a complex part. SFF technologies typically utilize a computer 
graphic representation of a part and a suppiy of a building material to fabricate the part 
in successive layers. SFF technologies have many advantages over conventional 
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manuring m*ods. Fo, instence, SFF technologtes dramabcal* shorten the bme 
,„ develop prototype parte artd can produce limited numbers of parts in raprd 
manufacturing processes. Tliey also ellminafe the need for complex tooling and 
machining associated a* oonvertiona, subtract manufacterin, memods, indudmg 
M need to create molds for custom applied In addition, customized obiecls can 
be directly produced from computer grapl* data in SFF ted-niques. 

Generally, In most SFF techniques, structures are fanned in a layer by laye- 
mennar by so.«yin, or cunng success^ layers of a build material. SFF techniques 
generally fall wo the following sub-categortes: ste,ec*hography, eeleollve deposition 
^deling, laminated ob|ect manufacturing, and laser sintering. For example. ,n 
stereography a tight* focused beam of energy. typicaUy in me u«raviole. Lisbon 
„and, is scanned across a teyer of a llqu* photepotyme, resin to eeledwely «. the 
,esin ,0 term a structure as descrtbed in, for example U.S. Pat. No. 4,575,330 to Hu, 
Somewhat similar te stereography is select laee, sintering who. heat generated 
mom a laser is used te fuse powder particles together to form an objed in a layer by 
layer manner, as describe, in, » example U.S. Pat. No. 4,863,538 te Deokard. In one 
term of laminated ob]ed manmaotudng obieds are eonsbuded by the successive 
deposi^onoftelnlayersofme.alorplasbopowderwtriohisoompreesedandoren 

sintered wite a laser as described in, for exempie, U.S. Pat. No. 4,752,352 te Feygrn. In 
another fomr of laminated ob]ed manufacturing, suoceseive sheets of e plasbc 
substrate are adhesfcely bonded In layers w»h a solvent as descrtbed in U.S. Pat No. 
6 324 438teConnier. In Seleobve Deposition Modeling, here., referred te as SDM, 
build materia, ie typically letted or dropped in discrete droptete, or extruded through a 
nozzle, in order te solid*, on contact with a bu M platterm or pre*us layer of solved 
, materia, in order te build up a three-dimenstena, objeo, in a layerwlse fashion. Oher 
synonymous names tor SDM which are used in mis indusby are solid obieo, imaging, 
SOW objed modeling, fused deposMon modeling, seledive phase area deposibon. 
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mu «i-phase let modeling. m ree<.,mensionel printing, therma. stereography, 
selective phase area deposition, ballistic particie manufacturing, fused deputation 
deling, and the like. Ballistic particle manufacturing la disclosed in, for example, 
US Pat No. 5,216,616to Masters. Fused deposition modeling is disclosed ,n, lor 
example U.S. Pat. No. 5.340,433 to Crump. Three-dimensional printing is diseased ,n, 
ta exampte. U.S. Pat. No. 5,204,055 to Sachs e, al. Ohen a thermoplastic matena, 
having a iew^g point * used asthe solid modeling malehal in SDM, which ia 
deiivered through a ietiing sysram sucn as an earuder or print head. One type of SDM 
process which extrudes a thermoplastic mararia, is described in, lor example, U.S. Pal. 
N„ 5 866,058 to Batchelder et al. One type ot SDM process utilizing a punter to 
selective* dispense a liquid binder on a layet of powder Is described in, for example. 
US Pat No. 6.007.318.O Russaii, el. al. one W e of SOM process ulBng ink ie« pnn. 
beads is described in, for example, U.S. Pat No. 5.555.1 76 to Menhenneu e, ai. Some 
, aplastic build matedats used in SDM are available end aold under me nan.es 
g Thermode,' 2000 and W 88 by 3D Systems. Inc. of Vafcncla, Californ*. Also. 
™ some formulationsfor thermoplastic phase change build materials are disclosed ,n U.S. 

Pat. No. 6,1 32,665 to Bui et al. 

Recently, there has developed an interest in utilizing atrable phase change 
aerials ,n SDM. One of .he firs, suggestions of ueing a radial curable burld 
. materia, in SDM is found in U.S. Pat. No. 5,1 36,5,5 .0 Hetit* wherein . is proposed 
,o selectively dispense a UV curable bulld material in an SDM system. Some of the M 
UV curable material formulations proposed for use In SDM systems are found ,n 
Appendix A of Internationa, Patent PuMcation No. WO 97/1 1 837, where three reactive 
serial compactions era prov«ed. More racent teaching o, using crable maferiala ,n 

■m~a 1 1 c Pnt No 6 259.962 to Gotha'it and in 
25 three-dimensional printing are provided in U.S. Pat. No. b,^y,a 

International Publication Number WO 01/26023. 

However, one inherent drawback of using curable build materials in SFF 
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.ec^ues su* as mm**** - -<*» *— * *" "** 

„ produce obiecs exh»n 9 a *de va«y « cobra. For Ir^anca, coiodng aoants 

Wroduced H. . UV curaMe res,rr .end » W » I—— 0. UV « 
„ ,o so* ft. n— • ™s. ,n order .0 produce co,ored o*as . . -» 

have been formed by an SFF apparatus. 

Thus there is a need to deve.o P an improved method to change the appearand 
of objects formed by SFF. These and other dHficuities of the prior art have been 
overcome according to the present invention. 
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BRIEF SUMMARY OF THE INVENTION 
The present invention provides *s benefits across a broad spectrum. While the 
description which follows hereinafter is meant to be representative of a number of such 
applications, 1 is not exhaustive. As will be understood, the basic methods and 

specification and the claims appended hereto be accorded a breadth in keeping with the 
scope and spirit of the invention being disclosed despite what might appear to be 
Siting language imposed by the requirements of referring to the specKic examples 
disclosed. 

1 nis^easpec.o.mepreseminvemlon.op.ocessobiecuformedbyanyso.id 
Mm. MM- aPPa^s so as ,o introduce an «ra«on agen, capable of afienng 
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the appearance of the objects. 

« ,s afiadure of the prasant invention to process obiects termed by an, solid 
fiaefiorm fabnoafion apparaurs by submersing me object in a fluid containing an 
15 infilfiafion agen, a. a femperamre above me glass .ransifion tempered*, fTJ of e 
polymer component of the object. 

It is an advantage of the present invents mat oblecfs formed by any solid 
)re efo,m fabdcadon technique containing a polymer materia, can be infiltrated wtm a 
colorant. 

These and other aspects, features, and advantages are achieved/attained 
according to the present invention of producing a visually altered article inK.ia.ly formed 
by a solid freeform fabrication apparatus. The method comprises: 
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app^ng a M medium «o ft. M-M object a, a tempera*** above 
». gl aas .ransfbon femperabae o. the pofyme, component me Md medium caring an 
,-abon agen, and permeating ate mree-dimenslona, obiec, at a temper above a 
glass transition temperature of the polymer component; 

owning ft. applicabon of the M medium to me mree-dimensfcnal obieo. foe 

obiec, add esbrtsh a desired appearance of me mree-dtmenslonet obieot; and 

.erminabng me application o, the nuid oanying me W Won agen, ,o me three- 



id 



dimensional object. 

A fluid composnlon for use in abedng me appearance of three-dimensional 

„b )e «s comprises an oil-based component and infflbabon agent The ofl-based 
3 exponent pemtoates me three-dimensiona, obieo, when in contact w«h me three- 

« component in me obiect. The *,a«on agen, Is parsed in the oil-basad component 
B and peneba.es me m,ee-dime*sionai obiec, dudng processing to abet me appearance 
of the three-dimensional object. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
The aspects, features, and advantages of the present invention will become 
apparent upon consideration of the following detailed disclosure of the invenfon, 
especially when it is taken in conjunction with the accompanying drawing where.n: 

FIG. 1 is a flow chart of an embodiment of the processing method of the present 

invention. 

To facilitate understanding, identical reference numerals have been used, where 
possible, to designate identical elements that are common in the figures. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
While «. present invention Is applicable to all SFF techniques ami obiecte mace 
tterebom. ate invention wii, be descnbeo wnh respect to an article fcrnted by an SDM 
techn^e u.ili*ng an M let phnt head dispensing a ulbaviole. radlaaon ratable phase 
cHange mated*. However, * is ,0 be appreciated «tat the present Invention can be 
implemented w«h any SFF technique utilizing any the^opla* or thetntosebtng 
polymer materia,. Fo, example, a polymer materia, can be used that is «d « 
exposure to -adWon bavin, wavelengms ome, than in ate uHtavtete. band o. I. 
spec^um, or by sublet the materia ,o themta, rad,a«on, or by chem*d reacboa 
As used herein, a -solid freelornr fabrication apparabrs- is any apparabtstha. 
terms thtee-dimensiona, ob,ec* in a layetwise mannet in an add«*e fashion. Some 

lam ,„a,ed ob,c« manuring, and iase, slntetin* As used bet* a - maten, 
refere ,o any materia, used by a soiid freetenm tabtication appaxabts to fotnt a solidthed 
MMM ob,ea in a layerwise manner. A bu,ld matenal ntay in-y be ,n a 
.owabie stefe such as a iiquld. powder, paste, o, gel pr*. to being solved * form . 
lhre e^,men*na, obiec The tetms or as used herein tefet to 

M characteristics o, a buiid materia, wbete the matena, bansternts trom the ftowabie 
to a non-flowable M which is typical* Induced by a solid beefemn fabncabon 
apparatus to torn, an oblect. A wax-based pbase change mated* a photocutable 
.atetial, athermoseblng matena,, and a powdet and binde, reacted ntateba,, ate 
examples of solidlfiable bulld materia*. In addition the term -polymer component 
refers te a«y thermoplasbc ot thermosettin, natural o, synthette compound preset. ,n a 
bu ,te matettel. A polymer component has a high motecuter weigh, and constate 

, o. numerous repeated linked un«s, each a reWve* light and simple ntoleouie. 
B^les of thermosettng pelmet componente suHable .ot solidification by photo- 
poi^enzabon inciude epoxiee. achates, viny, ethets. unsalutated piasters, 
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MM -d conations - 

exponents suitob,e tor s*— by menaa*o,ynienza«bn include ny.cn, carbon- 
Mrog en waxes, acry«es, ABS (Acryloniftito Butodlene Serene), po,yim,de -earns, 
pdycanionatos, po,yu,e«ianes. end combine M Further «he term -grass 
transport, enW (TJ re^toeretenrpertrturear^apartrcurarperyme. 
exponent ftansidone ftom a rid (grass, stare to an efcstic tfato. For peters, die 
grass transition renrperaurre is typicarry provided by bra supplier of .he particular 
po^ner as are v*e vanes among diners poiynrar torniuiatons. However, me glass 
.ansidon temperatore can *. be detemiined to, any pofyme, by using dKerenl* 

scanning calorimetry. 

Prefened build and support mate,,* tor tonaing obiecto by select depose 
^ng „e disclosed in U.S. Palem Applicarlon Sena, No. 09/971 ,247 tiled October 3, 
2001 whicnishereininco^o^byratorenceaeseltorthlnto,,. The mate* have 
a mefting poinr from about #C to abou. VC a freezing point from about 33'C to 
about 60'C. and a jetting viscosft, o. atx*. 1 0 to about 1 6 centipolse and a dispensing 
temperature of about 80°C. 

,n genera, die materials are dispensed in a layerwise manner dunng the SDM 
M pmcess, end a planartze, is drtven over each layer to normalize ma layers. The 
bu „d materta, is a photocells acrylato/wsx blend, and me support mated* is pnmanly 
a wax. After a» «. layers are formed. Ihe support malaria, can be removed by heatoig 
tne obiec, and support slnrotore above the mettin, point of the support malerta,. causmg 
M support materia, to met. away. A method and apparatos to, dispensing me 
parted matedals to km. me ftveeOlmenstonal ob*c« and da undedying support 
l«u,e a,e disotosed in U.S. Palent AapKoadon Serta, No. 09*71 ,337 died on Octoc*, 
, 3 ^l.w^h.shetainincc^adby^encaasseltorthlnto,,. Thepreferr* 
dispensing lemparatore ,s sdiou, SOX. A method tor removing ftie support mareda, ,s 
disotosed in U.S. Patent Application Serta, No. 09/970.727 filed on October 3, 200, . 
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Four build material formulations are provided by weight percent in Table 1 . The 
formulation shown in Example 4 is preferred since it is the most durable. The physical 
properties of the formulations are shown in Table 2. 



5 TABLE 1 



Mfg. ID No. 


General Component 
Name 


Ex.1 


Ex.2 


Ex.3 


Ex.4 


CN980 


Urethane Acrylate 


7.2% 






f> CO/ 

6.5% 


CN981 


Urethane Acrylate 






26% 




E3200 


Epoxy Acrylate 






14% 


6.0% 


CN975 


Hexafunctional Urethane 
Acrylate 




7.2% 






CN2901 


Urethane Acrylate 


27.5% 


27% 




18.7% 


SR203 


Tetrahydrofurfuryl 
Methacrylate 










SR205 


Triethylene glycol 
aimetnacryiate 


33% 




46.5% 


41.05% 


SR340 


2-phenoxyethyl 
methacrylate 










SR313 


Lauryl methacrylate 




18% 






\ SR454 


Ethoxylated 3 

Trimethylolpropane 

Triacrylate 




4.5% 






SR604 


polypropylene glycol 
monomethacrylate 








12.0% 


CD406 


Cyclohexane dimethanol 
diacrylate 




30% 






SR493D 


Tridecyl Methacrylate 


19% 








ADS038 


Urethane wax 


7% 


5.3% 


10% 


10.0% 


ADS043 


Urethane wax 


4.3% 


6% 


1.5% 


2.0% 


M84 


Photo-initiator 


2% 


2% 


2% 


3.75% 


TOTAL 




100% 


100% 


100% 


100.0% 
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TABLE 2 




The Mowing components ueed in me lour formats listed in Table 1 are 
liable rrem me Sartomer Company. Inc. o, Exten, Pennsyrvania, under the feting 
aesi^on, CN 980. CN 9St.CN 975, CN2901, SR 203, SR 205, SR340, SR 313, 
SR 454 CD 406, SR604, and SR 493D. The components ADS 038 and ADS 043 are 
available from American Dye Source, Inc. of <*ebec, Canada. The epoxy achate 
u „der ate designadon E 3200 is availabfe from UCB Chemical. Inc. of Ada* George 
The photoinidato, under ate designation 1-184 is available nam Ciba Special* 
Chemicals, Inc. of New York, New York. 

The buiid materia, formulations in Table t contain bebveen about 5% .0 about 
25 % by weigh, o, a non-reaebve wax. ,n fhe preferred build medial, tee non-reacdve 
„ex content is between about 1 0% to about, 2% by weigh, and is comprised of a 
u,ethane wax. However, oarer non-reacdve waxes could be used «h as carbon 

or phase change component, provides tee approbate phase change chatacfensbes . 
tee build matedal so tea, tee matena, wil, sol* a«er being dispensed from ah mk ,et 
prin, head. This wax, wbich d«s no, ere when exposed ,o actinic radiadon. is dapped 
v«in the cured madix o, the pdymedzed reacdve components o, tee buitd materta, 

formulation. . 4 7no/ 

The preferred nondurable phase change support matedal composes abou, 70 k 

h, we** oaadecanol avallabieaom Roger Chemioai Co., Inc., o, lrvlng,on, New 

Jera ey, and about 30% by weigh, of e tacWe, sold under tee designation of KE 100 

12 
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bom AraKawa ^ <"SA> Inc.. - Cbfoago, -no,, 

a memng point of about 59X and a freezing point of about 49.S°C. 

Z apeoi - *»- by an SDM apparatus «*. - 

Z850 p-int bead used in tbe Phase/ 850 pbnfor avaUabl. from Xerox Corporabon s 
Cfce Produce Busies Unb o, Wilsonvilfo. Oregon. Tbe ZSSO pnn, bead was 
oo^ured to dispense the nondurable phase change support matena, as well as «re 
rJ.pbaeecbangebui^atebai.TbeZS.Op.ntbeadwas^dtod^ 

„ male a, a fompe-abrre o, about 8*C. Bo, mated* so-e. gene* upon 

fM mert the layers were cured bv exposure to acinic radlabon. On, th re^e 

pernors m ft. dispense. bu»d matertal were cured b, tbe exposure to ^ 

B Icbin^adtbapoty^onreacbon. 
S ^ofcu^buMn^dafdiape^^be^ab^S^^ab^^Ww^. 

S r.n^ewax.andb^rnatdxbetngpa,* — bv^dsuppod 



m 



iU 

material. 



20 



25 



1* tee. spednrens were used in order to M an opbmum metbod for 

- «*l Generally it was prefened to develop a metbod relyrng 
removing the support material. Generally wa p 

on baa, to bdng the support material bar* to a ffowable state, in effect to me» the 
greater detail in US. Paten, Applfoabon Sadal No. 0*970.727. bled Ocfobe, * 00, 

r.r^L. 

„n,o,««buildma,edal,nasfowandevenmanne,,opreven,waxm^. 

M e^adfonfo ublized steam. s*enfo, a* oils, in order fo develop an 
appropdate memod o, removing M support mateda, «h a <fu M med,m wbhou, 
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adverse* afledng me ,hree^lmen*na obiec,. Further invasions were conducted 
,o And an acceptable non-toxic, emironmerfla,!, friendly fluid medium for use ,n 
removing the support matertel. It was prised ma, non-,ox*, environmentally frtendly 
m «t esters would be suable fluid mediums. Such fafly M esters ere derived 
from o^anio oil-baeed fluids such as linseed oil, soybean * castor oil. sunflower seed 
o„. « oil, fl-ng o,,, com o». rapeseed oil, and me l,Ke. A soybean W m ■* — 
was iniflally selected since H is readily available and relaflve* inexpensive. 
Expenmen* we. conduced wflh soybean-based «y add esters comprising methyl 
esters Two soybean solvents sold undetthe names SoycleV ,500 and Soygold 
2000 by A.G. Environmental Products LLC, o. Lenexa, Kansas, produced excellent 
resuns in removing ere support ma*dai. Further me solvent did no. disco*., or 
otherwise advercely affect me undertyin* three-dimensional obiec. when removing me 

support material. - 
UnexpeCed*. « was dfsooveted ma., when using Soygokf 2000 or Soyclea, 
)500 as me hea. transferring fluid medflrm, it was no. necessary ,o coss me freeze 
point o, me wax conrponen. of me build ma*** In a siow and even manner ,0 preverfl 
wax migration causing adveme disced. Instead, me ^mperabtre c»,d be rap* 
.educed pas. me freezing point o, me wax oomponen, with no eflec. on .he appearance 
0, me part It is believed .ha. mis beneflcia. phenomenon occurs because me soy 
so,ven. peneba.es me obiec. and plasflcizes me wax component in me ob,ect a. 
e,eva.ed temperatures, which prevent me wax from migraflng during uneven cooling. 
Thus fafl, acid esters .ha, peneuate and partially dissolve me wax component o, me 
auiid mafcrtd eliminate me need to slowly lower the temperature o, me fluid medfcm 
when crossing me feezing point of me wax component of me build matenal. It ,s 
, bailed mat mis pension o*urs whan me fluid medium and obiec, a,e a. or above 
M glass transition .empetamre o, ma polymer component in me bulld material. 

Upon me belief that the screen sotvent penetrates me acrylaWwax mamx, rf 



14 



PATENT 
USA.302 



Q 

m 



Ul 



a 



UJ 

S 

ru 



was dedded ,o imroduce an MM. agen, sued as a M dye info «he sdybaan 
s«van< fo see ifme dye would peneua* me objec, dudng ma supped mafoda, removal 
praoass. Unexpected*, bdlliandy colored SFF obieo* were created using poiymanc 
dys coforante as ma -radon agent, w^ioh are no. odterwfce preducibte direC b, 
SFF techniques alone. Compared sample obiecte ware proceased w«h a vadsty o, 
dHteren, dyes ma, resumed ,n ma Creadon a, bdgh, rad, biua. and yeUdw c*ie«s. In 
adddten, dad< biac* ob,eas na« omerwiee praduclbla in SFF ware aisa oreated. V- 
ddgh, oolored samp* obtecte den— <ha, m «* — — » 

surface a, me 0*0 a, temperaforas abova ma glass daasidon tamper a, me 
potyma, common, a. me buiid matenai, and wlren combined w«h -radon agente 
such as dyes, can alter the visual appearance of the objects. 

Rafarrfng te BG. 1 , me method or me present invendon ia ahown general, by 
numeral 1 0 in .low chad tend. Firs,, as indeed by numeral 12, ma mamod tevotvas 
forming a mree-dimensfonal obieo, from a build materfal oonteining a polymer 
componen, by any solid deeterm fabrfoad,* P-ocess. Gene*, me on, requiremsn, 
o, *. process ,a M » be an add«rve prooass, aa discussad previous,. The 
appals ma, forma ,ha mraOKlimensiona, obiaC may be a stereography 
L a salecdva deposidon modeling apparetee, a ,amina,ed ob*« manu^urm, 
spates, a iase, sin,ar,ng apparatee, and me - The apparetes may also a hydn 
M incorpora.es any oor*ina«on o, me SFF techniques diacusaed bere,n. The bu„d 
mated* oonteining ,ha polyme, componen, may *. me form o, a solid, a a 
semi-soiid, a powder, a paste, or a gel prior ,o beir. used ,o form me «- 
odjec. bu, mus, be soMed ,o form ma obiec. Some su»able build materia* are wax- 
dased phase change mated*, phofoourabie mafodats, mermoss«n g materfals, and 
, powder/binder raacdon maleriala, and combinations thereof. 

Naxl me memod invoke appfying a ffuid medfum fo me mree-dimensiona, 
obieo, a, a ,empe-a,ure abova ,ha glass danaidon famperafore of ,he po„mer 
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co^onen, 0. 1. bu« as indeed by nume* 14. Preferably .1- three- 

medium is graved on ere fhree-dmensiond obiecf. The fU*. medium names an 
r^^-^^^^eppea-^^^men^c^ 

* . nn<;nM ob i ec ts the fluid medium may comprise 

durino. the process. When processing SDM objects, xne 

.^.nthe^dm^mandpene^^^ddnneapp^on^^ 

medium, me inf»a«on a^n, is seiecad so as to esrab«sh a deseed appearanoe o, 

the three-dimensional object. ^ fllliH 
Tbe hm. agent may be any ooforan, the, is s*bfe in the selected M 
medium Tna eoloran. may exhibit .he oharactensfios of bain, iridesoenf, fluorasoent 

Ly led coio, The dyes may bedyes.rom.he^Oyeciasses^r in x 

„J m a,iodyeoo to ran t smaya,sobeused aK hesmoseava,^homM,,,*an& 
C^.^^eM^en.n.B.ua^M^ninKRed^-.enin, 
yaitow .800, and —en I* Black 8915^7. oedain ofwh*h contain acfass of 
cn^o^s chaining pofyozyaKylene subs-on and reaedve hydro,,. 
„,«y. O.a.yei^.oyan.magen.andbiaoKpoi^iodye.n^osad 

^ or in oombinadon *«h convent colorants suoh as .hose d,scfc*ed 

Mo. 5,37,3s, Example o, solvent soluble dyes .ha. oan be used are .he so« , and 

„ quW iine o. dyes soid undo, the Saving pcoduc. 1. availed* horn Oanan, GmbH, 

Pigmems & AddKkres Division, o. Frarfdud. Germany *hioh are soiubte in M 

mediums oomainingaloohols. ketones and esters. 

meappi^ono.^m.idmadU.m^eth.e— na obje* ,s manned 

for a desired period o. time as indeed by numera, ,6. The time period „i„ van, 
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depending on me Md appears, me shape and size of toe obiec and on ft. r»e 
a, wn ich ft. infllftaflo. agen, is ab,a .0 peneftato me obiec. « .he obiec, were formed 
by SDM, me fluid medK.ro can be used to simuftaneously remove residual supped 
atrial wh»e me inflflra^n ageo, peneuates the obiec,, provided mis femperatore is 
above me me*ng point of me supped metenai. Generaily, me longer me obieo, ,s 
subiected to me application o. the fluid medium, the greater me pene«ra«en o. me 

infiltration agent into the object. 

After me desired penod of time, me application 0, me fluid medium .0 me ob,ect 
Is terminated, as indicated by numeral ,8. When submersing the obiec, in a bath o, the 
ftuid medium, mis is accomplished by removing the obieo. from me bam. When 
spraying me obiec. with me fluid medium, mis is accomplished by haftin, me spray 

ft ,s ,0 be appreciated that me fluid medium may be selectively applied .0 only a 
portion efmemree-dimensiona, obiecffo after me appearance of me surface o.fhe 
.nrae^lmensionaloblecowhichthefluid medium is safely applfed. Thethree- 
* dimensional ebiec, could men be sub,eced to the process again, hut with a dirferen. 
11 infiftraflon agent, so as to P ro*ce a three-dimenaona, obieo, having a van«y of 

different visual effects. 

The inflation agent may also impart conduct properties on me ob^C, such 
as occurs wtten using a meta, oxide dye. In addftien, me inflltra^n agent may also be 
20 pho^horescenf, .hereby emft»ng llgh. following exposute .0 incident radiaflon, 

desired. . . 

A surfacton, addidve may also ,» added to me fluid medium for enhancing me 
pension 0. me inflftradon agent in me toree-dimenston* obieo, dunng processing. 
One surface sold un4er ,he name o, fas, aCIn, Uftra Dawn' availabte flom The 
25 Proctor & Gamble Company o, Cincinnati. Ohio, whose acflve ingredlen, is Ufciosan, 
was used in concern wfth soy solven, to enhance me peneUaflon o, me Inflftrahon 
agent in the three-dimensional object. 
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The following sample objects are illustrate of the three-dimensional objects 
form ed by solid freeform fabrication which were processed according to the present 
invention. The following disclosure of these sample objects formed by various sol, 
freeform fabrication techniques is provided without any intent to limn the invent.cn to the 
specific materials, process, or structure employed. 
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COMPARATIVE SDM SAMPLE OBJECTS 
Compare sample ob|e«s were formed by an SDM apparatus the 
Z850 pdn. ne*d as dossed previously. The durable phase change bu»d materia, In 
Example 4 of tabfe 1 was dispensed to form the objects, and the supped matena, 
dossed prernous,, was dispensed «o form me suppods far ,he obieote as needed 
The0 eome^o.d K «sam,aob^ fo rmedoo m pdseda 3 -x 2 -ho, to w«owvah re 

and a 3- x r cell phone shell whteh were selected as represented of dHScul. 

support mateda, was achieved by plecir* fhe obie* w«h integral suppods inte an oven 
M a tempemhrre of about 85-C for approximate* 20 minutes. The MM bulk melt 
removed substernal, all o. me support mate,,* from me sample obieote, leaving a 
residua, amount of support rnateda. on me sample obieote. The sample obieote were 
- removed from the oven and altewed to rearm ,0 ambient temperature. The sampte 
3 dblecte genera,* appearod opaque white w«h a sfigm shade o, yellow. The glass 
U uansdion temperature o, me cured po*me, component m these sample obieote was 
determined to be between about 45'C and about 65'C. 

The sampfe obieote we* used for fudher processing acooroin, to me present 
invent so as te introduce a variety of in»a«on agents inte me obteote white 
removing me residua, support materia, dtat remamed after the bu,K me». Various 
methods e. providing physica, a,»a«on te the U. modern were also used te opbrnce 
gre remove of rescue, support mateda, in small edflces and ca^es. such as uKrasonrc 
stimulagon. Physical agKatic of the Wd medium, however, is no, necessary to 
inflate obieote atready cleaned nee o. support matertel. A number of sampte SDM 
objects were processed in Examples 1 through 6. 
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COMPARATIVE STEREOLITHOGRAPHY SAMPLE OBJECTS 
Sample objects were also made on a stereolithography apparatus from a 
ultraviolet (UV) curable build material. The geometry of some of the objects formed 
comprised a 6" x 4" clothing iron shell structure approximately 0.125" thick. The 
geometry of some other of the objects comprised a 2" x 2" flat sheet approximately 
0.060 thick. The build material used was the SL 7540 build material available from 3D 
Systems, Inc. of Valencia, California. The sample objects were formed from this build 
material on a stereolithography apparatus. An SLA* 5000 imaging system available 
from 3D Systems, Inc. was used. The sample objects formed had a glass transition 
temperature of between about 49°C to about 52° C. The sample parts appeared 
translucent yellow. The sample stereolithography objects formed were processed 
according to Examples 7 and 8. 



20 



i 



sa1 
>*«■■ 



PATENT 
USA.302 



COMPARATIVE LASER SINTERING SAMPLE OBJECTS 
Sample laser sintering objects were made on a Vanguard SLS® system avai.abie 
from 3D Systems, of Valencia, Caltfornia. This selective laser sintering system creates 
three-dimensional objects, layer by layer, from powdered materials with a heat 
generated from a CO* laser. The laser sintering objects formed were a finger exerc.se 
device having two opposed handles connected in a V-configuration. The handles had a 
generally U-shaped cross-section wrth a thickness of approximately 0.1 25", and the V- 
configuration connecting the handles had a thickness of approximately 0.30". The 
sample laser sintering exercise device was made from a thermoplastic polyamide 
powder build material sold under the DuraForm* product line of nylon powders avai.abie 
from 3D Systems, Inc. The objects formed are believed to have had a glass transition 
temperature of between about 40»C to about 58° C. The .aser sintering sample objects 
appeared bright opaque whrte. The sample laser sintering objects formed were 
processed according to Example 9. 
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The following examples are illustrative of infiltration processing of the three- 
dimensional objects formed by solid freeform fabrication without any intent to limit the 
invention to the specific materials, process, or structure employed. These examples 
refer to processing the sample parts formed as discussed above. 

EXAMPLE 1: RED SDM OBJECT 
A solvent soluble dye sold under the name Orasof* Red available from Ciba- 
Geigy Specialty Chemicals Corporation of Tarrytown, New York, was mixed in a 
concentration of about one teaspoon per 500 ml of soy solvent. The soy solvent 
Soygold® 2000 was used. The fluid medium comprising soy solvent and dye was placed 
in a heated vat maintained at a temperature of between about 45X and about 80<C 
which is above the glass transrtion temperature of the polymer component of the sample 
parts. The cell phone shell and hollow flow valve were used as the sample parts. The 
SDM sample parts were submersed into the vat and held in the vat for approximately 24 
: hours before being removed and returned to room temperature. The parts were washed 
| in warm soapy water and rinsed and dried. The SDM sample parts changed from the.r 
generally opaque whrte appearance to a unrtorm bright red. Some of the sample parts 
were cut in half which revealed that the dye penetrates the surface of the parts and 
generally penetrates and colorizes the entire internal volume of the part. Further, the 
dye remained inert in the parts and did not come off on the hands of persons handling 
20 the parts. 
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EXAMPLE 2: YELLOW SDM OBJECT 
A solid dye soluble in a thermoplastic sold under the color designation Potomac 
Yellow YP-20-A available from Day-Glo Color Corporation of Cleveland, Ohio, was 
mixed in a concentration of about one teaspoon per 500 ml of soy solvent. The soy 
solvent Soygold® 2000 was used. The fluid medium comprising soy solvent and dye 
was placed in a heated vat maintained at a temperature of between about 45'C and 
about 80»C which is above the glass transition temperature of the polymer component 
of the sample parts. The cell phone shell and hollow flow valve were used as the 
sample parts. The SDM sample parts were submersed into the vat and held in the vat 
for approximately 60 minutes before being removed and returned to room temperature. 
The parts were washed in warm soapy water and rinsed and dried. The sample parts 
changed from their generally opaque whrte appearance to a uniform bright yellow. The 
dye did not come off on the hands of persons handling the parts. 



23 



PATENT 
USA.302 



18 

'■■1), 

ii) 
Li.! 

ii 

■A 

UJ 



EXAMPLE 3: PINK SDM OBJECT 
A solid dye solution sold under the color designation Aurora Pink HM-1 1 
available from Day-Glo Color Corporation of Cleveland, Ohio, was mixed in a 
concentration of about one teaspoon per 500 ml of soy solvent. The soy so.vent 
Soygokf 2000 was used. The fluid medium comprising soy solvent and dye was placed 
in a heated vat maintained at a temperature of between about 45°C and about 80°C 
which is above the glass transrtion temperature of the polymer component of the sample 
parts The cell phone shell and hollow flow valve were used as the sample parts. The 
SDM sample parts were submersed into the vat and held in the vat for approximately 45 
minutes before being removed and returned to room temperature. The parts were 
washed in warm soapy water and rinsed and dried. The sample parts changed from 
their generally opaque white appearance to a uniform bright pink. The dye did not come 
off on the hands of persons handling the parts. 
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EXAMPLE 4: BLUE SDM OBJECT 
A soluble dye sold under the designation Oil Blue II available from Keystone 
Corporation of Santa Fe, California, was mixed in a concentration of about one 
teaspoon per 500 ml of soy solvent. The soy so^ent Soygold® 2000 was used. The 
fluid medium comprising soy solvent and dye was placed in a heated vat maintained at 
a temperature of between about 45°C and about 80»C which is above the glass 
transition temperature of the polymer component of the sample parts. The cell phone 
she., and hollow flow valve were used as the sample parts. The SDM sample parts 
were then submersed into the vat and held in the vat for approximately 120 minutes 
before being removed and returned to room temperature. The parts were washed in 
warm soapy water and rinsed and dried. The sample parts changed from their generally 
opaque white appearance to a uniform bright blue. The dye did not come off on the 
hands of persons handling the parts. 
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EXAMPLE 5: GREEN SDM OBJECT 
A blue SDM object established es deschbed in example 4 was further proeeseed 
,„ fem, e green object. Potomac Yetlow YP-20-A available from Day-Glo Color 
C^n o. Oeveiand, Oblo. was mixed in a concert o. about one teaspoon 
per 500 m, of so, so^ent. as discussed in example 2. Tne Ud medium was than 
brough, to about 05'C in a vat. and a blue SDM object was men placed in the vat. The 
biue SDM object was a blue hoilow flow valve par, Mlally produced according to the 
procedure in Example 4. WKhin about 2 minulesme object sorted ,0 turn green, and 
me object was then removed ffom me vat «l reamed . room temped. The pert 
B was washed in warm soapy water and rinsed and dried. The object had turned 
* M g^n, which demonstrated ma. muibple processing in various colored 
mediums, such as the primary colors, can produce en object of any desired color. 
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EXAMPLE 6: BLACK SDM OBJECT 

A Color index (W.) dye eolubie in * - -» «" Unde ' ** 

designation Savin,!* Blacx RLSN availed* fron, M* GmbH, Plgmon* * Addibves 

per 500 m of so, solvent This padi^ar dye had a C.I. index of S. Bl. 45. The soy 
wasp.aoed.nah.awva.^neda.a.e.pera.ureo.be^eenabouus Cand 

^ 80X which is above the giase UansKon ^ - *- po^er conrponee. 
o.thesamp^pad.Theoe. phoned and ,K*w flow vafve were used asfhe 
ea.pie pads. The SDM sanrpie pads were then s^menaed into the va, and he« ,n .he 
vat , or appr.xi m a,er /2 o m ,nu te sbe«orebein,re m ovedand re b Jm ed.oro, m 

te.pera.ure. The pads «. washed in warn, soap, ware, and dnsed and dnedjhe^ 
pads changed .rem ft* gene,** opague wh»e appearance «o a undone b**. 
The dye did not oome of. on the hands of persons handling the pads. 
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EXAMPLE 7: BLUE STEREOLITHOGRAPHY OBJECT 
A soluble dye sold under the designation Oil Blue II available from Keystone 
Corporation of Santa Fe, California, was mixed in a concentration of about one 
teaspoon per 500 ml of liquid pyrrolidinone. The pyrrolidine (1-methyl-2- 
pyrrolidinone) is available from Aldrich Chemical Company, Inc. of Milwaukee, Wl. 
Pyrrolidinone was selected since cured SL 7540 build material is very soluble in this 
liquid. The fluid medium comprising the pyrrolidinone and dye was placed in a heated 
vat and brought to a temperature above the glass transition temperature of the polymer 
component of the sample parts formed by stereolithography. The temperature of the 
vat was between about 90»C and about 95° C. Sample parts were then submersed into 
the vat and held in the vat for approximately 2 hours before being removed and returned 
to room temperature. The parts were washed in warm soapy water and rinsed and 
dried. The sample parts changed from their generally translucent yellow appearance to 
a deep translucent blue. The dye did not come off on the hands of persons handling the 
parts. However, the processing substantially plasticized the sample objects and altered 
their mechanical properties. The parts became extremely flexible indicating that the 
pyrrolidinone liquid may need to be diluted so as to reduce the plasticizing effect 
occurring during processing. 
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EXAMPLE 8: BLUE STEREOLITHOGRAPHY OBJECT 
Other sample parts formed by stereolithography were processed in the same 
blue dye solution discussed in Example 7 but with Soygokf 2000 as the solvent instead 
of pyrrolidinone. The temperature of the vat was increased to between about 1 65°C 
and about 1 85° C. The clothing iron sample stereolithography object was submersed 
into the vat and held in the vat for approximately 2 hours before being removed and 
returned to room temperature. The iron was washed in warm soapy water and rinsed 
and dried. The iron changed from a generally translucent yellow appearance to a 
translucent light blue, however, the mechanical properties appeared to remain 
essentially unchanged. Thus, processing with pyrrolidinone produced more brightly 
colored object than processing with soy solvent but at the expense of altering the 



In mechanical properties of the underlying objects. 



29 



PATENT 
USA.302 



EXAMPLE 9: BLUE LASER SINTERING OBJECT 
A soluble dye sold under the designation Oil Blue II available from Keystone 
Corporation of Santa Fe, California, was mixed in a concentration of about one 
teaspoon per 500 ml of soy sofcent. The soy solvent Soyclear® 1500 was used. The 
fluid medium comprising soy solvent and dye were placed in a heated vat and brought 
to a temperature above the glass transition temperature of the polymer component of 
the sample parts formed by laser sintering. The temperature of the vat was between 
about 80°C and about 95° C. The 2" x 2» flat sheet sample objects were submersed 
into the vat and held in the vat for approximately two hours before being removed and 
returned to room temperature. The flat sheets were washed in warm soapy water and 
rinsed and dried. The sample parts changed from their generally opaque whrte 
appearance to a light blue. The dye did not come off on the hands of persons handling 
the parts. 
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All patents and other publications cited herein are incorporated by reference in 
their entirety. What has been described are preferred embodiments in which 
modifications and changes may be made without departing from the spirit and scope of 
the accompanying claims. 
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